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Objectives. We compared, on a site by site basis, the morpho-
logic features of coronary calcifications determined by electron
beam computed tomography (EBCT) and angiographically de-
fined coronary atherosclerosis.
Background. Quantification of coronary calcification using
EBCT is clinically useful for the prediction of coronary stenosis.
However, the relation between calcification and angiographic
findings has not been evaluated by site.
Methods. We studied 251 consecutive patients who underwent
elective coronary angiography for suspected coronary artery dis-
ease by EBCT and analyzed findings by site. Coronary calcifica-
tions were classified according to their length and width versus
the diameter of the coronary artery in which the calcification was
observed as: none, spotty, long, wide and diffuse.
Results. Coronary calcifications were found in 666 (27%) of
2,470 segments. The positive predictive value (PPV) of coronary
calcification for significant stenosis (>275% densitometric narrow-
ing) and for all angiographically detectable atherosclerotic lesions
in a segment was 0.36 and 0.80, respectively. The PPV for
significant stenosis and all atherosclerotic lesions was 0.04 and
0.17 in none, 0.18 and 0.59 in spotty, 0.32 and 0.87 in long, 0.40
and 0.84 in wide and 0.56 and 0.96 in diffuse calcifications,
respectively. The PPV for both significant stenosis and all lesions
differed significantly (p 5 0.001) among the morphologic groups.
Of the 105 eccentric significant stenoses, 54 (53%) were classified
as long or diffuse calcifications. Of the 95 significant stenoses with
multiple irregularities, 61 (64%) showed diffuse calcification.
Conclusions. Morphologic evaluation of coronary calcifications
using EBCT improved the prediction of coronary stenosis on a site
by site basis and provided information related to angiographic
morphology.
(J Am Coll Cardiol 1997;29:1549–56)
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The presence of coronary calcifications in the intima of the
vessel wall is invariably associated with atherosclerotic plaque
(1–3). Quantification of the total amount of coronary calcifi-
cation by electron beam computed tomography (EBCT) (4),
which is more sensitive than previously used methods such as
fluoroscopy (5), is useful for predicting clinically significant
coronary artery disease (6–18) as well as future cardiovascular
events (19,20). However, studies comparing pathologic and
EBCT findings have shown (21–26) that the degree of lumen
narrowing is weakly correlated with the amount of calcification
and thus may vary widely, even at sites with a similar degree of
calcification. The relation between the coronary calcification
detected by EBCT and the angiographically determined de-
gree of lumen narrowing has not been studied on a lesion by
lesion or a site by site basis in the clinical setting.
A compensatory enlargement of the coronary artery is a
widely recognized phenomenon (27) that results in false neg-
ative or underestimated angiographic results, even when a
substantial amount of atherosclerotic plaque is present in the
arterial wall. This phenomenon also suggests that the clinical
significance of the cross-sectional and longitudinal extent of
atheromatous plaque in the vessel wall may differ. If so, this
difference may also be applicable to coronary calcification.
In the present study, we compared the results of EBCT
detection of coronary artery calcification and coronary angiog-
raphy on a site by site basis, with emphasis on the morphologic
characteristics.
Methods
Study patients. We prospectively studied 251 consecutive
Japanese patients (174 men, 77 women; mean [6 SD] age 56 6
14 years, range 16 to 86) who underwent elective coronary
angiography between May 1991 and May 1993. Excluded were
patients in unstable condition and those who had undergone
previous coronary interventional procedures, such as bypass
From the *Second Department of Internal Medicine, School of Medicine,
Kanazawa University and †Kanazawa Cardiovascular Hospital, Kanazawa, Ja-
pan. This work was presented in part at the 43rd Annual Scientific Session of the
American College of Cardiology, Atlanta, Georgia, March 1994.
Manuscript received September 30, 1996; revised manuscript received
January 31, 1997, accepted February 26, 1997.
Address for correspondence: Dr. Kouji Kajinami, The Second Department
of Internal Medicine, School of Medicine, Kanazawa University, Takara-machi
13-1, Kanazawa 920, Japan. E-mail: athero@med.kanazawa-u.ac.jp.
JACC Vol. 29, No. 7
June 1997:1549–56
1549
©1997 by the American College of Cardiology 0735-1097/97/$17.00
Published by Elsevier Science Inc. PII S0735-1097(97)00090-9
surgery or angioplasty. Patients with abnormal Q waves in two
or more electrocardiographic (ECG) leads were also excluded
because they were presumed to have coronary artery disease.
Thus, the study included patients who 1) presented with chest
pain (induced by effort or occurring at rest, or both) suggesting
angina pectoris; or 2) had ECG findings at rest that indicated
possible myocardial ischemia. The EBCT study was performed
within 2 weeks of angiography in most patients and in all but
12. EBCT was performed in the last 2 to 4 weeks before or
after angiography. Informed consent was obtained from all
patients before the examinations. The present study cohort is
the same patient group in which we previously investigated the
usefulness of the total coronary calcification score for predic-
tion of angiographically confirmed coronary atherosclerosis
(17).
Scanning protocol, image analysis and definition of coro-
nary artery segments on EBCT images. EBCT studies were
performed using the volume mode (100-ms scan time) of the
Imatron C-100 scanner, as previously described (17,28). We
obtained 20 contiguous 3-mm thick slices through the base of
the heart. Additional slices were obtained to cover the entire
coronary artery tree. The procedure was repeated within a few
minutes after patients were repositioned on the couch. Images
were evaluated by an experienced observer without knowledge
of the clinical data or the angiographic results. The analysis
was confirmed by a cardiologist and a radiologist in a subse-
quent weekly conference, again without knowledge of the
clinical or angiographic data. A calcified lesion was defined as
a lesion with an EBCT density $130 and an area $0.51 mm2
(2 pixels). Coronary segments were identified on EBCT images
as illustrated in Figure 1.
Calcifications were classified morphologically as none,
spotty, long, wide and diffuse on the basis of the width (extent
of the calcification perpendicular to the longitudinal direction
of the vessel) and length (extent in the longitudinal direction of
the vessel) of the calcification in relation to the coronary artery
diameter in the area where calcification was observed (Table
1). A segment with more than three calcifications was classified
as the diffuse type. If two scans resulted in different morpho-
logic classifications of the segment, we used the scan showing
the larger amount of calcification in that segment.
Coronary angiography. Elective coronary angiography was
performed in multiple projections using the standard tech-
nique. Angiograms were reviewed by several experienced staff
cardiologists who were unaware of the results of the computed
tomographic study and the clinical data. The extent of coro-
nary artery stenosis was measured by computer-assisted video-
densitometry with the use of a CCIP-310 (Cathex Inc., Tokyo,
Japan), as previously described (17). Significant coronary artery
stenosis was defined as $75% densitometric narrowing. Mild
stenosis was defined as an angiographically detectable lesion
with ,75% densitometric narrowing. Angiographic lesions
were classified morphologically as concentric, eccentric type 1,
eccentric type 2 and multiple irregularities, according to the
criteria reported by Ambrose et al. (29) for significant and mild
stenoses.
Site by site lesion comparison. Angiographic segments
were identified with reference to the method for determination
of coronary segments on EBCT images. S-1 and S-2 were
Abbreviations and Acronyms
AHA 5 American Heart Association
EBCT 5 electron beam computed tomography (tomographic)
ECG 5 electrocardiographic
LAD 5 left anterior descending coronary artery
LAO 5 left anterior oblique
LCx 5 left circumflex coronary artery
NPV 5 negative predictive value
PPV 5 positive predictive value
RAO 5 right anterior oblique
RCA 5 right coronary artery
Figure 1. Identification of coronary artery segments on EBCT images.
Segment 1 (S-1) was the proximal portion of the RCA, usually running
in a horizontal plane. The portion that descended into the right
atrioventricular groove in a caudal direction was divided into two
halves, with the proximal portion defined as S-2 and the distal portion
as S-3. The distal portions of the RCA on the diaphragmatic surface of
the heart were not analyzed. S-4 was the main trunk of the left main
coronary artery. The proximal portion of the LAD running in a
horizontal plane was S-5. The proximal half of the LAD located in the
anterior intraventricular groove was S-6. The largest diagonal branch
was S-7. The proximal portion of the LCx running toward the obtuse
margin was S-8. That part of the LCx running in the left atrioventric-
ular groove in a caudal direction was S-9. The major branch of the LCx
was S-10. Ao 5 ascending aorta; LA 5 left atrium; LV 5 left ventricle;
RA 5 right atrium; RV 5 right ventricle; RVOT 5 right ventricular
outflow tract.
Table 1. Classification of Coronary Calcifications Observed on
Electron Beam Computed Tomographic Images
Calcification
Morphology Lesion Width* Lesion Length†
Diffuse $2/3 of coronary diam $3/2 coronary diam
Wide $2/3 of coronary diam ,3/2 coronary diam
Long ,2/3 of coronary diam $3/2 coronary diam
Spotty ,2/3 of coronary diam ,3/2 coronary diam
None Undetectable Undetectable
*Extent of calcification perpendicular to the longitudinal direction of the
vessel. †Extent of lesion in the longitudinal direction of the vessel. diam 5
diameter.
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defined as the opposite sides of the point at which the right
coronary artery (RCA) turns in a caudal direction on the left
anterior oblique (LAO) view. The point at which the RCA
again turns in a horizontal direction (the acute margin)
indicates the termination of S-3. The distal end of S-5 was
defined as the turning point of the left anterior descending
coronary artery (LAD) from a nearly horizontal to an antero-
caudal direction on the right anterior oblique (RAO) view.
The distal end of S-8 was defined as the angle (the obtuse
margin) of the left circumflex coronary artery (LCx) on the
LAO view with cranial angulation. Definitions of S-7 and S-10
were difficult in some cases because the most proximal
branches of the LAD and LCx were not always the largest
ones. Thus, in 10 patients, the tomographic segment was first
identified and then confirmed on angiography. The angio-
graphic classification system used in the present study is similar
to the American Heart Association (AHA) classification sys-
tem (30). However, the “proximal RCA” (No. 1) in the AHA
system is divided into S-1 and S-2 in the present study. If a
calcification on EBCT images and an angiographic lesion were
located over two or more adjacent segments, we compared the
characteristics of each segment after the lesion was separated
into segments according to the method described (Fig. 1).
Some examples of lesion comparison between EBCT images
and angiography are shown in Figure 2.
Statistical analysis. The ability of coronary calcification to
predict angiographically defined coronary atherosclerosis was
evaluated by calculating the sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV) and
accuracy. Differences in PPVs among the calcification mor-
phology groups were analyzed using 2 3 4 or 2 3 5 tables and
the chi-square test with 3 or 4 degrees of freedom, respectively.
A p value ,0.05 was accepted as indicating statistical signifi-
cance.
Results
Detection of calcifications. Of the 2,510 segments studied,
we excluded 40 from analysis for the following reasons: Total
occlusion of the coronary artery prevented angiographic visu-
alization in 30 segments; 2 branches of the LAD (S-7) and 2 of
the LCx (S-10) observed on angiography could not be identi-
fied on tomographic images; and the RCA and LCx were too
small to permit comparison in 6 segments (S-3, n 5 5 and S-9,
n 5 1). Calcifications were detected in 666 (27%) of the 2,470
segments analyzed (Table 2). The diffuse and spotty types of
calcification were observed with similar frequency; the wide
type was the least common. Calcifications were most common
in the proximal LAD (S-5) and least common in the major
branch of the LCx (S-10).
Prediction of coronary stenosis by calcification. The PPVs
of coronary calcification for prediction of significant stenosis
and all atherosclerotic lesions were 0.36 and 0.80, respectively.
On the basis of comparison among five subgroups (,40, 40 #
50, 50 # 60, 60 # 70 and $70 years) both the PPV and NPV
for significant stenosis did not change with age (0.25 to 0.40
and 0.94 to 1.00, respectively). By contrast, both the specificity
and accuracy decreased with age (0.97 to 0.72 and 0.97 to 0.73,
respectively). The PPV and the sensitivity increased with age
for all atherosclerotic lesions (0.33 to 0.86 and 0.18 to 0.69,
respectively), whereas the specificity, NPV and accuracy de-
creased slightly with age (0.97 to 0.90, 0.94 to 0.77 and 0.92 to
0.80, respectively).
Calcifications in the left main (S-4) and proximal LAD
(S-5) segments showed the highest sensitivity for all athero-
sclerotic lesions (Table 3). For prediction of significant steno-
sis, the validity was similar in all of 10 segments (Table 4). We
separated the patient group by gender and performed a similar
Figure 2. EBCT and coronary angiographic images of lesions in two
representative patients. Upper panels, Spotty calcification was de-
tected in the proximal LAD (S-5) on the EBCT image (arrow) in a
59-year old man. A mild eccentric lesion was observed on the
angiograms (arrows). Lower panels, Diffuse calcification was observed
in the proximal LAD (S-5) (arrowhead) and wide calcification in the
diagonal branch (S-7) (arrow) in a 66-year old man. Angiography
demonstrated a mild eccentric lesion (arrowheads) and significant
concentric stenosis (arrows).
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analysis. However, no significant gender difference could be
found for any variable (data not shown). After the exclusion of
spotty type from significant calcification, the specificity and the
PPV increased, and the sensitivity and the NPV decreased,
respectively (Tables 3 and 4).
Morphology of calcification and prediction of stenosis.
The PPV for morphologic subgroups for both significant
stenosis and all atherosclerotic lesions differed significantly
(p 5 0.0001 to 0.0069) in all age groups, except for the
,40-year old group (Tables 5 and 6). For all significant
stenoses, the PPV increased in the following sequence: none,
spotty, long, wide and diffuse; and decreased with age for
diffuse and wide calcifications and increased with age for long
and spotty calcifications. For all atherosclerotic lesions, the
PPV of spotty calcification increased with age, whereas that for
diffuse, wide and long calcifications remained constant. There
was no significant difference when a similar analysis was
performed after the patient group was separated by gender
(data not shown). To investigate the relation between the
morphology and amount of calcification, we calculated the
mean calcified area in S-5, for example. Mean calcified area
was smallest in spotty calcifications (6.5 mm2); similar in long
and wide calcifications (22.7 and 21.3 mm2, respectively) but
significantly larger than that of spotty calcifications; and largest
in diffuse calcifications (75.4 mm2), with significant overlap
with both long and wide calcifications.
Sensitivities and specificities were recalculated after calci-
fication morphology and total coronary calcification scores
were combined, as previously reported (17). In patients with a
score higher than the cutoff level (log-transformed score 3.0),
detection of any calcification could predict significant stenoses
and all atherosclerotic lesions with a sensitivity of 0.82 and 0.74
and a specificity of 0.61 and 0.85, respectively. For scores lower
than the cutoff level, detection of calcification had a sensitivity
of 0.32 and 0.47 and a sensitivity of 0.94 and 0.95, respectively.
Morphologic comparison of EBCT images and angio-
graphic findings. Diffuse calcification was strongly associated
with significant stenosis (PPV 0.56), especially stenoses classi-
fied as having multiple irregularities (61 of 127 significant
stenoses showed multiple irregularities) (Fig. 3). Of the 23
concentric lesions with significant stenosis, 13 (57%) were
associated with wide calcification; the frequencies of the other
morphologic classifications ranged from 22% to 43%. When
we analyzed the relation between EBCT calcification morphol-
ogy and angiographic lesion morphology, we found that 61
(64%) of 95 multiple irregular lesions showed diffuse calcifi-
Table 3. Prediction of All Coronary Atherosclerotic Lesions by
Calcification According to Segment*
Segment† No. Sens Spec PPV NPV Accuracy
S-1 248 0.57/0.40 0.90/0.97 0.78/0.88 0.78/0.73 0.78/0.75
S-2 246 0.61/0.47 0.86/0.98 0.81/0.97 0.70/0.70 0.74/0.74
S-3 237 0.55/0.42 0.96/0.97 0.83/0.84 0.85/0.82 0.85/0.82
S-4 251 0.92/0.63 0.91/0.97 0.71/0.84 0.98/0.92 0.91/0.90
S-5 246 0.84/0.66 0.89/0.97 0.90/0.97 0.83/0.71 0.87/0.80
S-6 245 0.51/0.42 0.87/0.99 0.77/0.96 0.68/0.67 0.71/0.73
S-7 249 0.63/0.38 0.94/0.97 0.77/0.83 0.88/0.82 0.86/0.82
S-8 249 0.61/0.44 0.88/0.98 0.73/0.90 0.81/0.77 0.79/0.79
S-9 250 0.61/0.45 0.94/0.98 0.80/0.89 0.86/0.82 0.84/0.83
S-10 249 0.29/0.23 0.99/0.99 0.82/0.85 0.85/0.84 0.85/0.84
All 2,470 0.63/0.47 0.92/0.98 0.80/0.91 0.83/0.78 0.82/0.80
*All values were obtained when all four calcification morphologies were
significant/when only three morphologies (long, wide and diffuse) were signifi-
cant. †See Figure 1 and text. NPV 5 negative predictive value; PPV 5 positive
predictive value; Sens 5 sensitivity; Spec 5 specificity.
Table 4. Prediction of Significant Coronary Stenosis by Calcification
According to Segment*
Segment† No. Sens Spec PPV NPV Accuracy
S-1 248 0.84/0.72 0.79/0.89 0.31/0.43 0.98/0.97 0.79/0.88
S-2 246 0.89/0.81 0.69/0.83 0.26/0.37 0.98/0.97 0.72/0.83
S-3 237 0.90/0.70 0.85/0.89 0.21/0.22 0.99/0.99 0.86/0.88
S-4 251 0.93/0.80 0.79/0.89 0.22/0.24 0.99/0.99 0.80/0.88
S-5 246 0.93/0.84 0.64/0.78 0.46/0.56 0.97/0.94 0.71/0.80
S-6 245 0.72/0.58 0.81/0.91 0.51/0.63 0.91/0.89 0.79/0.84
S-7 249 0.65/0.38 0.87/0.93 0.46/0.48 0.93/0.90 0.84/0.85
S-8 249 0.79/0.79 0.78/0.91 0.32/0.55 0.97/0.97 0.78/0.90
S-9 250 0.65/0.50 0.85/0.91 0.41/0.47 0.94/0.92 0.82/0.86
S-10 249 0.40/0.30 0.98/0.98 0.71/0.69 0.92/0.91 0.91/0.90
All 2,470 0.75/0.63 0.81/0.89 0.36/0.46 0.96/0.94 0.80/0.86
*All values were obtained when all four calcification morphologies were
significant/when only three morphologies (long, wide and diffuse) were signifi-
cant. †See Figure 1 and text. Abbreviations as in Table 3.
Table 2. Morphologic Classification of Segments With Calcification
Morphology (total no. of segments)
Coronary Segment
RCA
LMCA: S-4
LAD LCx
S-1 S-2 S-3 S-5 S-6 S-7 S-8 S-9 S-10
Diffuse (n 5 230) 23 30 15 14 45 33 25 21 18 6
Wide (n 5 57) 2 3 4 8 7 9 2 9 9 4
Long (n 5 142) 17 26 13 15 39 7 2 11 9 3
Spotty (n 5 227) 26 32 10 26 33 25 23 30 18 4
All calcification (n 5 656) 68 91 42 63 124 74 52 71 54 17
None (n 5 1,814) 180 155 195 188 122 171 197 178 196 232
Total (n 5 2,470) 248 246 237 251 246 245 249 249 250 249
LAD 5 left anterior descending coronary artery; LCx 5 left circumflex coronary artery; LMCA 5 left main coronary artery; RCA 5 right coronary artery.
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cation, and 56 (53%) of 105 eccentric lesions were associated
either diffuse or long calcifications (Fig. 4). Of the 314
segments with significant stenosis, 77 segments (25%) showed
no detectable calcification. Of the 524 segments with mild
stenosis, 236 (45%) showed no detectable calcification. Calci-
fication was detected by EBCT in 131 (8%) of 1,632 angio-
graphically normal segments.
Discussion
To our knowledge, the present study is the first site by site
morphologic comparison of coronary calcification demon-
strated by EBCT and angiographically defined coronary steno-
sis. Detection of calcification by EBCT was highly useful for
site by site prediction of clinically significant stenosis. Morpho-
logic classification of the calcifications improved the PPV for
clinically significant stenosis and also correlated with angio-
graphic lesion morphology.
Site by site prediction of coronary stenosis. In a previous
study (17) performed in the same patient group as that in the
present study, the total coronary calcification score predicted
coronary stenosis. The sensitivity, specificity, PPV, NPV and
accuracy of the total calcification score were 0.77, 0.86, 0.86,
0.76 and 0.81, respectively. The sensitivity (0.75), specificity
(0.81) and accuracy (0.80) of calcification for prediction of
significant stenosis was similar in the present study, but the
PPV (0.36) was significantly lower (p , 0.0001 by chi-square
analysis) and the NPV (0.96) significantly higher (p , 0.0001).
These differences were revealed by the site by site comparison.
As in our previous study (17), the prevalence and amount of
coronary calcification increased with age, even in patients
without significant stenosis. These findings may explain why
the PPV and sensitivity increased significantly with age for all
atherosclerotic lesions. The PPV and sensitivity did not in-
crease with age for significant stenosis. Although the explana-
tion for these discrepancies is unclear, it is possible that it is
related to the undetermined role of calcification in the devel-
opment of lumen narrowing.
Most studies of coronary calcification (6–18) have deter-
mined the total calcification score, in which small multifocal
calcifications have the same score as large single calcifications,
if the total amount of calcification is similar. In the present
study, large calcifications were more frequently associated with
significant narrowing at the calcified site than with spotty
Figure 3. Frequency of various types of angiographically defined
coronary stenosis according to the morphologic classification of calci-
fication. Significant stenosis, mild (not significant) stenosis and normal
angiographic results are represented as wide, middle and narrow bars,
respectively. Lesions were classified into multiple irregularities (solid
boxes), eccentric type 1 (hatched boxes), eccentric type 2 (horizontally
striped boxes) and concentric (dashed boxes).
Figure 4. Frequency of various types of morphologic calcifications in
angiographically determined coronary stenosis. Diffuse, wide, long and
spotty calcifications are represented by solid, horizontally striped,
dashed and hatched boxes, respectively. See text for definitions of
calcification morphology and angiographic lesion morphology.
Table 6. Positive Predictive Value of Calcification Morphology for
Significant Coronary Stenosis According to Patient Age
Age Group
(yr)
No. of Pts/
Segments
Calcification Morphology
Diffuse Wide Long Spotty None
,40 16/158 — — — 0.33 —
#40 to ,50 47/464 1.00 0.60 0.17 0.09 0.03
#50 to ,60 57/563 0.61 0.43 0.31 0.13 0.04
#60 to ,70 78/764 0.58 0.38 0.36 0.19 0.06
#70 53/521 0.50 0.29 0.34 0.23 0.06
All 251/2,470 0.56 0.40 0.32 0.18 0.04
Pts 5 patients.
Table 5. Positive Predictive Value of Calcification Morphology for
All Coronary Atherosclerotic Lesions According to Patient Age
Age Group
(yr)
No. of Pts/
Segments
Calcification Morphology
Diffuse Wide Long Spotty None
,40 16/158 — — — 0.33 0.66
#40 to ,50 47/464 1.00 0.90 0.83 0.45 0.12
#50 to ,60 57/563 0.96 0.86 0.78 0.55 0.15
#60 to ,70 78/764 0.95 0.75 0.91 0.61 0.23
#70 53/521 0.96 0.88 0.90 0.69 0.23
All 251/2,470 0.96 0.84 0.87 0.59 0.17
Pts 5 patients.
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calcifications. The total calcification score does not provide
information related to the lesion location (17); this limitation
can be overcome by a site by site comparative study.
Histopathologic site by site comparisons of calcification and
lumen narrowing (21–26) have yielded conflicting results.
Simons et al. (21) reported that .97% of noncalcified seg-
ments were associated with nonobstructive (,75%) stenosis
and that there was no significant stenosis without calcification.
However, Mautner et al. (23) reported that calcification was
identified by EBCT in only 54% of segments with significant
stenosis. The frequency of calcification-free significant stenosis
was 25% in the present study. Further investigations will be
needed to establish the relation between calcification and
degree of lumen narrowing.
Can morphologic classification of calcifications improve
predictive value? The PPV differed among morphologic clas-
sifications of calcification in the present study. Previous his-
topathologic studies (21–23,25) have suggested that these
differences may be related to differences in the amount of
calcification. In the present study, the mean calcified area was
significantly greater for long and wide calcifications than for
spotty calcification. Diffuse calcification was associated with
the greatest mean calcified area, although there was significant
overlap in calcified area between diffuse and long or diffuse
and wide calcification. These findings suggest that both the
morphology and the amount of calcification are important for
prediction of stenotic lesions in a calcified area. The amount of
calcification appears to be influenced by the lesion location
because the coronary artery diameter shows a wide variation
depending on the location (proximal or distal), which suggests
the potential merit of morphologic evaluation compared with
simple quantification of calcification.
The reason for the age-associated alterations in the PPV
observed in the present study is unclear. However, these
alterations of values appeared to be useful for prediction of
stenosis in the clinical setting.
Calcification morphology is correlated with angiographic
lesion morphology. Diffuse calcification may indicate the ex-
istence of a large amount of atherosclerotic plaque in the
vessel wall and was thus associated with significant stenosis,
especially with stenosis of multiple irregularities. Wide calcifi-
cation was more frequently associated with significant stenosis
than long calcification, and the frequency of concentric lesions
was highest for wide calcifications than for the other morpho-
logic groups (p , 0.01 by chi-square analysis). These results
suggest that the development of a calcification in the transaxial
direction of the vessel tends to result in concentric stenosis. If
compensatory enlargement (27) occurs along the entire coro-
nary artery tree, the cross-sectional extent of atheromatous
plaque may be more strongly correlated with lumen obstruc-
tion than the longitudinal extent. This concept may also be
applicable to coronary calcification, and the present findings
concerning wide calcification may support this theory.
The calcification morphology differed among lesions classi-
fied angiographically. In lesions with significant stenosis, the
calcification-free rate was highest in concentric lesions (0.38
for 43 of 114) and lowest in lesions with multiple irregularities
(0.12 for 11 of 95). Moreover, the calcification-free rate was
lower in eccentric type 1 lesions (0.20 for 18 of 90), with
borderline significance (p 5 0.059 by chi-square analysis)
compared with concentric lesions. This difference was signifi-
cant (p , 0.05 by chi-square analysis) for lesions with mild
stenosis. Thus, it is possible that the development of calcifica-
tion influences the direction of the progression of atheroma-
tous plaque.
Study limitations. The possible limitations of the present
study are related to the detection of calcification and to the
method used to compare EBCT images and angiographic
findings. Image acquisition by EBCT is significantly influenced
by the partial volume effect (28). The relatively low frequency
of calcifications observed in S-7 and S-10 may be explained in
part by the small size of these vessels, which could enhance the
partial volume effect. To minimize this effect, we used two
scans performed in rapid succession (17) and analyzed the scan
showing the larger calcified area.
The comparison of EBCT images and angiography was
difficult in some cases. Calcification morphology and angio-
graphic lesion morphology were independently determined, as
were their locations. If determinations were unclear, EBCT
images and angiograms were simultaneously reevaluated by
our staff. This reevaluation was performed in 7 of 251 patients
and resulted in a revision of the original determination in 2. To
confirm the consistence of our review process, we reanalyzed
25 randomly selected patients; no revisions were needed. Thus,
it is unlikely that the method used for morphologic classifica-
tion and location determination affected our results.
Coronary atherosclerosis occurs and develops multifocally,
even in the same patient, and it is not surprising that there are
multiple severe stenoses in the LAD with trivial lesions in the
RCA. Thus, we performed the present study only on a segment
to segment basis. It will require further study to investigate
how patient characteristics influence the relation between
calcification and atherosclerosis. We ignored lesion continu-
ities in our division of the coronary artery tree in some
segments. If there was a large calcification from S-4 to S-5, for
example, we analyzed the calcification morphology in each
segment. This approach may have influenced our results. To
overcome this problem, a new method for comparison is
needed. In addition, our results may have been influenced by
the clinical characteristics of our study patients because the
PPVs and NPVs are largely influenced by the prevalence of
disease.
Clinical implications. The present study suggests that the
morphologic evaluation of calcifications using EBCT is useful
for prediction of the presence and location of clinically signif-
icant stenosis in patients with suspected coronary artery dis-
ease. Furthermore, its validity improved when combined with
the results of total calcification score.
Our results also suggest that EBCT study could provide
important findings supplementary to those of angiography.
Occasionally, there is a question as to the existence of a lesion
in the left main coronary artery versus catheter spasm. The
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findings of no calcification in the left main coronary artery on
EBCT images would be extremely useful in that instance to
exclude, to a large extent, the possibility of a significant left
main coronary lesion. Similar considerations might be appli-
cable to ostial lesions of the RCA.
Acute coronary syndromes frequently result from mild to
moderate stenosis (31–33), suggesting that detection and char-
acterization of preclinical coronary stenosis is important. Thus,
the ability of EBCT to predict mild stenosis as well as
significant lesions may be highly useful in the clinical setting.
There is increasing evidence that calcium formation asso-
ciated with atherosclerotic disease is an active process (34,35),
which suggests a significant relation between the develop-
ment of calcification and some unknown characteristics of
atherosclerotic plaque. The presence of calcification report-
edly influences the outcome of catheter interventions
(36,37). Thus, combined angiographic and EBCT studies
may provide useful information concerning the status of
atherosclerotic plaque.
Conclusions. Morphologic evaluation of coronary artery
calcification using EBCT improved the predictive power of
angiographically defined coronary atherosclerosis. In addition,
it predicted, at least in part, the angiographic lesion morphol-
ogy observed angiographically.
We express special thanks to the staff cardiologists (Sensyu Hifumi, MD and
colleagues) and technicians of Kanazawa Cardiovascular Hospital for their
assistance in data collection and image analysis.
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